Vol. 44 No. SIG 17(CVIM 8)

goboooooooooooooooobooboOooooooooo

gotgbobobobobobooboobuoobuood

0 o of o o o of O Of

00o000o0ooo0o0oooooooooooooooooooOoOoOoOO0OO0O0OO0ODbODbODbO0ODnD
goo0oooooooooooOOoOoOoOoOOOOOO0O0OOO00OoOoOoOoooooooooooooo
goooooooooooooOoOoOoOoOOCOOOCOOOOO0OOOODOOoODOooOooOooooooo
goo0ooooooooooooooOoOOOOOOOOOOOODOOOOOO0OO0DO0O0O0OOO0OO0O
gobo0o0o0oooooooooooooooooooooOoOoOOOOOOOOOOOoOoOoOooooo
gooooooooooooooooooOOOOOOCOOCOCCOOOOOODOOOoOOoOooooooo
goooooooooooooOoODOOOOOOOOOOOODOOOOO0OO0O0O0O0OO0OOO0O0O00O
goooooooooooOooOoOoOoOoOoOO0OO0OOCOCOOO0O000O0O0O0OoOooOoooooooo
goooooooooooooOoOOOOOCCOCOOOOCOOOOOOOOOOOOOOoOooooo
g0000o0ooooooooooooOoOOOOOOO0O0O0O0O0O000O0O00Oo0oooooooooo
goooooooooooooOoOoOOoOoOOOOOOOOOO0O0OOOOO0O0O0OOOoOoOooooooo
goooi1ooooooooobooooOoDOOoODOOOODOODODODOOODODOODODOOOOODOOOOO
go0o0o0ooooooooooOoooooOOOOOO0OOOO00000000000000000O0
goo0ooooooooooOOOOOOOOOO0O00O00ooOooooooooooooooooo
000000004 00000000 Homography 000000000000 O0DOOOOOOO
gooooOooooooooo

Robot Body Guided Camera Calibration

HarvyuaN Wu,t TOSHIKAZU WADAt and QIAN CHENT

This paper presents a novel camera calibration method for RC car robot control system
with external cameras. This system can be regarded as a sensorless robot system, which has
advantages of low-cost body and precise localization by external camera. The only drawback
is that it requires a prior camera calibration. For this calibration, we don’t use any specially
designed object, but the robot is employed as a calibration object. Before calibration, the
robot is not able to move along a straight line, however, it can move along a circle by keeping
constant steering angle and slow speed. The circular locus of the robot is projected as an el-
lipse on the image plane by the perspective projection. Based on this geometric relationship,
we propose a calibration method of the focal length and the view direction of the camera
relative to the working plane of the robot. Through computer simulations and experiments
with a real camera and a robot, we have confirmed that our method is more robust than the
Homography based calibration using four point correspondences.
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Fig.1 The system construction.
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Fig.2 Conversion between two cameras which are

observing a same plane.
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Fig.3 The world coordinates and camera coordinates.
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Fig.4 The example of ellipses synthesized by CG
(f = 200(pixel), 6 = 30(degree), R = 1.0(m)).

onooo
T
Xi:[x? TiY; yf T Y; 1}

GoOO0OoOooOo0O000Do

SV+AV =0
Ooooooooooooosooooo-agood
ocooooovooooooooboobooooo

3. O OO0

O00ooooooooooooooooocGOd
gooooboooooooooboooboooooooo
goboooboooooboobo4000004000
gooooboooooobooooooooooooon
oooooo

ooooooooooooobbOoboOon 0.3x04
0000o0o0ooooooob edox480000000
001000000000 0.15875(mm) 00000
gobobooooobooboooono 3ooooon
goo

3.1 0OO0OO0O0O00O00

o000 f=500000000 0=55000
OOr=070r=0500r=02500000000
gooobooooooooboboooooobooooon
gooobobooooooooboooboobooooooo
goooboboooooooooooboobooooooo
oobooooboooooo

r=0750000000000000800000O
oo00ooo0oooooooo100000 ADOO
00 ¢, 0000000000000 0ODODOO0OOO
0000 5(x)00000000O00O0OOO0UOODO
oob 211 x1620000000r=0.500000
goboooobooo28000000000000a0n
ooooo 10 0 600r=02000000
goooooo 7m20000000000000O0O
ooo010 fs0 6 000000000000000

Dec. 2003

01 0000000oooooooo
Table 1 Experimental results using circles with different
radius and center.

maximum error RMS error
71(%) 31 07
01 (degree) 0.21 0.066
F2(%) 4.0 0.7
02 (degree) 0.38 0.055
f3(%) 24.7 2.0
03 (degree) 2.29 0.30

O = i

(a) r=0.75 (m)
(x,2)=(—0.4,—-2.6) (x,2)=(—0.3,-3.4) (x,2)=(—0.1,—3.6)
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Fig.5 Synthetic ellipse images which the error was

(b) r=0.50 (m) (¢) r=0.25 (m)

maximum.
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Fig.6 Synthetic ellipse images of changing the tilt.
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Fig.7 The relation between minor axis, distance and

error of tilt.
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Table 2 The estimation error of # about Roll.

Roll angle (degree) 0 1 2 3
RMS error of 6 (degree) | 0.055 | 0.274 | 0.446 | 0.613
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Fig.8 (a) An image for comparison of our method and Ho-
mography method, and (b) synthesized vertical view
from a virtual camera.
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Fig.9 Our system configuration and experiment scenery.

(b) Test environment

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000 oooooooooOooooo
000000000000000000000000
00 LEDODDOOODOOODOOOOODOOOD
0000000000000 D0000000000Dn
00000000000 000000000D000Dn
000000000000000000000000
000000000000000000000000
000000000 9(h)0000000ooooog
0000000o0o00oo

4.1 00000000000
30007000000000 2200000000
00000000000 000000D0O00oog f
00000 000000000000 DO0ODO00
0000000000 f0 60000000000
00000000000 000D000DO00DO00n
00000000 Homography 00000 O0OODO
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000 « 0000 B0000000000000
0000 a/b=0.9950000 a/b=1.00 0000
Oa/b=0998 000000000000000O0
0000000000000 D000D0000000D
0000000 10()d(b)00000 10(b) 000

Dec. 2003

(2) (b)
010 0O00O00O00O0O0O0O0O0O00O00O0O0O00DOO0DOOO0O0
goooooo
Fig.10 (a) Observed locus of a robot, (b) Synthesized
vertical view of the locus.
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